INTRODUCTION
In the recent years, more attentions were paid to the new solid-state structures involving the self-assembly of molecules into well-defined supramolecules via non-covalent, multiple intermolecular interactions, like hydrogen-bonding, π-π stacking, and metal-ligand bond formation [1, 2] . Especially, the strong, selective, and directional hydrogen bonding interactions act as a most powerful organizing force in supramolecular assembly, resulting into 1D, 2D or 3D hydrogen-bonded architectures [3, 4] . Usually, the self-assembly of supramolecules is also frequently inf luenced by several factors, like the organic ligands, the geometric requirements of the metal atom, the anionic counter-ions, the reaction temperature, and the solvent system effect [5] [6] [7] . The key to construction of a desired architecture is the selection of organic ligands, and in some cases, a subtle alteration of organic ligands can lead to a new architecture [8, 9] . The combination with neutral N-donor ligands and anionic O-donor ligands can generate more interesting structures which cannot be obtained only via one type of ligands [10] [11] [12] .
In this regard, N-donor ligands are good candidates for the construction of supramolecules, as the appropriate aromatic N-donor chelating ligands are likely via π-π interactions to produce fascinating architecture [13] . As all known, 1,10-phenantroline (Phen) is the typical chelating N,N'-based secondary ligand due to its excellent conjugated system and coordinating ability which has been extensively studied to build novel supramolecular structures [14] .
3,4-Dicarboxyl-(3',4'-dicarboxylazophenyl)benzene (H 4 Dczpb) [15] , 1,4-naphthalenedicarboxylic acid (H 2 Nda) [16, 17] , pyromellitic acid (H 4 Pma) [18, 19] (Scheme 1) had been employed as exo-multidentate ligands for the design and construction of novel coordination polymers owing to their thermal stability and symmetry. In this paper, four supramolecular coordination compounds, namely [Cd(Phen) 2 
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Materials and methods.
All chemicals used for the syntheses were reagent grade, which were used without further purification. CHN elemental analyses were obtained using an Elementar Vario EL-III instrument. FT-IR spectra, in the region 400-4000 cm -1 , were recorded on a Nicolet 6700 Fourier Transform infrared spectrophotometer. UV-Visible diffuse reflectance spectra (UV-Vis DRS) of solid samples were measured from 200 to 800 nm by PerkinElmer Lamda 650S spectrophotometer, in which BaSO 4 was used as the standard with 100% reflectance. Powder X-ray diffraction (PXRD) patterns were recorded using a Dandonghaoyuan DX-2700B diffractometer employing CuK α radiation. X-ray crystallography. X-ray single-crystal data collection for coordination compounds I-IV were performed with Bruker SMART 1000 CCD area detector diffractometer with a graphite-monochromatized MoK α radiation (λ = 0.71073 Å) using ϕ-ω mode at 298(2) K. The SMART software [20] was used for data collection, and the SAINT software [21] was utilized to carry out data extraction. Empirical absorption corrections were performed with the SADABS program [22] . The structure has been solved by direct methods (SHELXS-97) [23] , and refined by full-matrix-least squares techniques on F 2 with anisotropic thermal parameters for all the non-hydrogen atoms (SHELXL-97) [23] . All hydrogen atoms were located by Fourier difference synthesis and geometrical analysis. These hydrogen atoms were allowed to ride on their respective parent atoms. All structural calculations were performed using the SHELX-97 program package [23] . Crystallographic data and structural refinements for compounds I-IV are summarized in Table 1 , and selected bond lengths and angles are listed in Table 2 .
Synthesis of complex I.
Supplementary material for structures I-IV has been deposited with the Cambridge Crystallographic Data Centre (CCDC nos. 1439537-1439540; deposit@ccdc.cam.ac.uk or www.ccdc.cam.ac.uk/data_re-quest/cif).
RESULTS AND DISCUSSION
In compound I, the cadmium(II) center, in a distorted octahedral geometry, is coordinated by four nitrogen atoms (N(3), N(4), N(5), and N(6)) from two different phen ligands via a chelating mode, and two 
. Selected bond lengths (Å) and angles (deg) for compounds I-IV
Symmetry transformations used to generate equivalent atoms: #1 -x, -y, -z + 2 (III).
98.14(10) O (7)Cd (1)N (4) 152.53(11) O(1)Cd (1)N(4) 94.98 (11) O (7)Cd (1) (Table 3 ) and π-π stacking interactions with centroidcentroid distances ranging from 3.690(3) to 3.790(2) Å, as illustrated in Fig. 1b and Table 4 .
Similar to the Cd(II) coordination environment in compound I, in II, the Cd(II) center, is six-coordinated by four nitrogen atoms (N(1), N(2), N(3) and N(4)) from two different Phen ligands, one oxygen (O(1)) atom from 1,4-HNda, and one C(l) atom from CdCl 2 [27] , to form a distorted octahedron, as illustrated in Fig. 2a Cd (1) C (12) C (11) C (1) C (17) C (5) C (6) C (2) C(7) C(8) C (3) C (18) C (19) C (20) C (27) C (28) C (24) C (25) C (26) C (29) C ( [16] . Finally compound II was strengthened by hydrogenbonding interactions (Table 3 ) and π−π stacking interactions with centroid-centroid distances ranging from 3.465(3) to 3.926(3) Å, as illustrated in Fig. 2b and Table 4 . Table 4 . Defined ring and relative parameters of the π-π interactions in compounds I-IV I (12) (a) (b)
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C (28) N (3) N (1) N (2) N (4) Mn (1) Mn ( Finally, a three-dimensional framework is built up by hydrogen-bonding and π-π stacking interactions with centroid-centroid distances ranging from 3.604(2) to 3.951(2) Å, as listed in Fig. 3b and Table 4 .
In compound IV, the Co 2+ ion, is six-coordinated by six nitrogen atoms (N(1), N(2), N(3), N(4), N(5) and N(6)) from three different Phen ligands (Scheme 2). Both the partly deprotonated HPma 3-and H 2 Pma 2-act counter-ions to balance the cationic charge of [Co 2 (Phen) 6 ] 4+ , without participating in coordination to the Co(II) atoms, which is quite different from the ones in compound III described-above and previously
Mn Phen H Pma Mn Phen H Pma . Table 3 , and π-π stacking interactions with centroid-centroid distances of Cg(9)-Cg(12) being 3.665(2) Å, in which Cg (9) Fig. 4b and Table 4 .
Coordination environment of metal ions in compound I-IV are given in Scheme 2:
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Scheme 2.
Broad bands observed at 3446, 3449, 3441 and 3439 cm -1 for compounds I-IV, respectively, are assigned to the carboxyl groups of the corresponding carboxyl ligands. The C-H stretching mode for the Phen ring is relatively weak and observed at about 3049, 3049, 3052 and 3072 cm 
O (4) O (9) O (10) O (11) O (12) C (15) C (12) C (14) C (13) C (11) O (2) O (8) C(39)
Co (1) And the IR spectra contained four characteristic adsorption peaks at 825 cm -1 for I , 826 cm -1 for II, which can be assigned to Cd-N stretching vibrations [29] , respectively, 658 cm -1 for III and 643 cm -1 for IV, which can be attributed to Mn-N and Co-N stretching vibrations. PXRD was conducted to confirm the phased purities of compounds I-IV used in the experiments. For I-IV, the measured PXRD patterns agree well with those calculated from the X-ray single crystal diffraction data, demonstrating the phase purity of compounds I-IV (Fig. 5) . By contrast, the slight differences intensities may be assigned to the preferred orientation of the crystalline powder samples [30] .
UV-Vis DRS were used to access their band gap E g values [31, 32] from the powder samples in order to explore the conductivity of compounds I-IV. The E g values were determined as the intersection point between the energy axis (x axis) and the line extrapolated from the linear portion of the absorption edge in a plot of Kubelka-Munk function F versus energy E [33] . The Kubelka-Munk function, F = (1 -R) 2 /2R, was converted from the recorded diffuse reflectance data, in which R is the reflectance of an infinitely thick layer at a given wavelength [34] . The F versus E plots for compounds I-IV were shown in Fig. 6a , where the steep absorption edges were displayed and the E g values can be assessed as 2.9, 3.0, 2.4 and 2.7 eV, respectively, indicating that I-IV show selective absorption in the ultraviolet region [35, 36] , as shown in Fig. 5b . ents Project of Beijing Municipal Institutions (CIT&CD201404076).
